





















损伤识别领域 [ 1-6] ,方法主要有神经网络和支持向量
机等机器学习算法。
将一种泛化性好、抗噪性强且稳定性高的机器
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量。各频带信号的能量为





其中: d j k为重构信号 DN j的第 k 个离散点的幅值; n
为重构信号DN j的离散点的个数 j = 0, 1, ⋯, 2N - 1;
k= 1, 2, ⋯, n。
2　随机森林原理
随机森林是由许多单棵分类回归树( CA RT )组
合而成的,最后由投票法决定分类结果。Breiman采










Of-Bag Estimat ion”。选择Bagg ing 方法生成新的训
练集有两个优点: a. 可以用 OOB 估计计算泛化误
差、各分类树的效能、分类树之间的相关度以及各输






















类器输出记为h( X , )。定义随机森林的间隔函数为
mr ( X , Y) =
　P ( h( X, ) = Y) - max
j≠Y
P ( h( X , ) = j ) ( 4)
间隔函数mr ( X , Y)表示样本数据被分对与分错
的概率之差。间隔函数的值越大,表明分类器的泛化
性能越好。
组合分类器{h( X , ) }的总体分类效能s 定义为





































































图 2　第 2层 6种损伤情况下小波包相对能量分布















数, C 和gamma 通过5折交叉验证获得。由表1可以















分类器模型 第1 层 第2 层 第 3层 第4 层 第 5层 第6 层 第7 层 第8 层
BP 网络 0. 813 4 0. 796 7 0. 780 0 0. 816 7 0. 826 7 0. 800 0 0. 780 0 0. 823 3
SVM 0. 920 0 0. 943 3 0. 873 3 0. 896 7 0. 920 0 0. 850 0 0. 900 0 0. 870 0
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Fault Feature Extraction Method for Rotor System
Under Radial Impact Based on BF-HHT
X iong X in, 　Yang Shix i ,　Gan Chunbiao
( The Stat e Key Lab o f L iquid Pow er T ransmission and Contr ol, Zhejiang U niver sity　Hangzhou, 310027, China)
Abstract　 As radial impact signals are of ten composed of rich fr equency components cont inuously
distr ibuted in a w ide reg ion, accurately ext racting the characterist ic frequencies of vibr at ion signals of a
rotor system under radial impact is of gr eat signif icance for faul t diagnosis. T he customar y Hilber t-Huang
transfo rm ( HHT ) cannot be dir ectly used to decompose such signals into several mono-frequency int rinsic
mode funct ions ( IM Fs ) . Because of the ex istence of mult i-f requency IM Fs, the est imations of
instantaneous f requencies for these signals are usually inaccurate. A new feature ex t ract ion method is
developed in this study , i. e. , the bandpass f iltering HHT ( BF-HHT ) , w hich can accurately ex t ract the
characterist ic fr equencies of r adial impact signals. First ly, frequencies w ith main power are collected
thr ough calculat ing pow er spect rum densit ies of the signals′. Secondly , a set o f bandpass f ilters w ith
centering f requencies selected f rom the f irst step are designed to f il ter the orig inal signals. Finally, the
t ime-frequency characterist ics are ex tr acted fr om the f iltered signals by HHT . Both the customary HHT
and the BF-HHT are used to analy ze the signals collected from rotor test bench and industr ial sites.
Comparisons betw een the results f rom both the methods show that , the BF-HHT can be used to ex t ract
the characteristic f requencies o f r adial impact signals, meanwhile, it can explore the instantaneous
characterist ic fr equencies.
Keywords　 bandpass f iltering, Hilbert-Huang transfo rm, rotat ing machinery, radial impact , t ime-
frequency feature
Damage Identification Technique for Building Structure
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( 1. Depa rtment o f Aut omation, X iamen Univ ersit y　Xiamen, 361005, China)
( 2. School of A rchitecture & Civil Engineering , X iamen Univer sity　Xiamen, 361005, China)
Abstract　Fo r the use o f classif ier in the st ructure damage diagnosis, a st ructur al damage ident ification
method is proposed based on w avelet packet decomposit ion and random fo rest w hich is a new combination
classif ier alg orithm . Wavelet package decomposit ion is used to decompose the v ibrat ion accelerat ion signals
of building st ructure w ith dif ferent damage degrees and lo cat ions. T he ener gy sequences at different bands
of frequencies decomposed by the w avelet packet decomposit ion are input ted to classif ier as feature
vectors. A random fo rest model is t rained and used to ident ify the locat ion and deg ree of injury. T he
method is applied fo r damage ident ificat ion of an eight-story shear steel frame model. Experimental results
show that the method has good recognit ion accuracy and stability compared w ith BP neural netw ork and
support vector machines.
Keywords　damage ident ification, random fo rest , wavelet package decomposit ion, accelerat ion signal
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